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L.  K.  A. 


Tne  sipnificance  of  photopr  amine  try  is  discussed 
anH  ;+c  development  traced  in  the  Soviet  Union 
from  pre-Revolutionary  times.  Development 
after  1918  is  divided  into  three  periods 
(1918-1929.  1930-1945.  1946-present)  and  each 
period  is  discussed  in  terms  of  advances  in 
technology  and  application,  with  special  attention 
to  those  developed  within  the  Soviet  Union. 

Several  of  these  devices  are  described. 

NOTICE 

The  contents  of  this  publication  have  been  translated  as  presented  in  the  original  test.  No  attempt  has  been  made  to  verify 
the  accuracy  of  any  statement  contained  herctn.  This  translation  is  published  with  a minimum  of  copy  editing  and  graphics 
preparation  in  order  to  expedite  the  dissemination  of  information. 

Approved  for  public  release.  Distribution  unlimited. 
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Photoprammetry  in  our  country  has  advanced  from  the 
survey  of  limited  regions  of  the  terrain  from  surface 
stations  and  balloons  to  the  study  of  the  planets  and  their 
satellites  from  automated  spacecraft. 

The  development  of  domestic  photoprammetry  is  notable 
for  the  originality  of  ideas,  methods  and  instruments  and 
for  their  wide  application  to  the  solution  of  important 
problems  of  the  national  economy.  Photoprammetry  developed 
especially  fruitfully  after  the  Great  October  Socialist 
devolution  and  the  creation  of  the  Union  of  Soviet  Socialist 
republics.  A number  of  achievements  of  Soviet  scientists 
in  the  field  of  photoprammetry  have  received  peneral 
recopnition  and  been  recopnized  by  the  Lenin  and  State 
Prizes,  authors  certificates  and  diplomas. 

The  successful  development  o^  photoprammetry  and  its 
continuously  increasinp  sipni^’icance  in  the  solution  of 
various  scientific  and  technical  problems  has  stemmed  from 
xhe  fact  that  in  it  are  combined  the  following  basic  merits 
hiph  precision  of  measurement,  since  the  imapes  of 
objects  and  phenomena  on  the  photopraphs  are  obtained  with 
the  ai d of  precision  cameras,  and  the  development  of  the 
photopraphs  is  carried  out  by  riporous  methods  with  the  use 
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of  specialized  devices  and  computers; 

hiph  productivity,  achieved  thanks  to  the  fact  that 
instead  of  studyinf  the  objects  and  phenomena  on  the  fround, 
the  study  is  carried  out  of  their  photographic  images  in 
offices  ; 

complete  objectivity  and  authenticity  of  the  results 
of  the  investigations,  since  the  images  of  objects  and 
phenomena  are  obtained  by  photographic  methods; 

the  -possibility  of  obtaining  information  concerning 
the  state  of  separate  parts  and  of  the  entire  object  in  a 
single,  extremely  short  period  of  time,  for  example,  the 
deformation  of  all  of  the  elements  of  a bridpe  caused  by  a 
load  may  be  instantaneously  fixed  on  photographs  and  then 
determined  in  offices. 

the  possibility  c ? detailed  study  of  rapidly  movinp 
objects  and  transient  phenomena,  for  example,  flyinp 
projectiles,  volcanic  eruptions,  deformations  of  automobile 
wheels  durinp  motion,  intensity  of  motion  of  urban  traffic,  etc. 

the  possibility  of  studying  slow  processes,. -such  as 
soil  erosion,  the  movement  of  glaciers,  settling  and  deformation  of 
buildings  and  other  structures. 

a method  of  remote  study,  which  has  special  significance 
when  the  object  to  be  studied  is  inaccessible  to  direct 
measurement  or  when  the  site  of  the  object  presents  hazards 
to  human  life. 
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In  the  second  half  of  the  last  century  Russian  scientists 
and  engineers  began  to  employ  photogramme try  for  earth 
survey  and  created  original  instruments.  At  that  time,  earth 
survey  was  carried  out  with  terrestrial  stations  or  with 
stationary  balloons. 

In  l?90-lP9P , N.O. Filler,  B. B. Golitsyn,  R. Yu. Tile  and 
F I.Shurov  successfully  used  terrestrial  photogrammetry  to 
establish  the  plans  of  the  separate  parts  of  terrain  for 
the  purp'se  of  laying  out  railways  and  for  other  engineering 
problems . 

In  Russia,  the  first  aerial  photographs  from  balloons 
were  obtained  by  A.K.Kovan’ko  in  18P6  above  St. Petersburg. 

In  order  to  photograph  a larger  area  from  a balloon, 

P. Yu. Tile  in  i?yP  constructed  a "panoramograph"  consisting 
of  seven  cameras  : one  central  for  a plan  survey  and  six 

lateral  for  perspective  Burvey  op  terrain,  including 

the  line  of  the  horizon.  The  panor amograph  was  supplied 
by  electric  surveyor’s  level  vnich  activated  the  shutters 
of  all  of  the  cameras  when  the  optical  axis  of  the  central 
camera  was  in  a vertical  position.  The  coordinates  of  the 
center  of  the  projection  of  the  plan  photograph  were 

determined  by  the  geodetic  method.  The  angular  elements 
of  the  external  orientation  of  the  photograph  were  found 
according  to  the  nne  of  the  horizon.  For  transformation 
of  the  perspective  photograph  to  a plan  one,  V.F.Naydenov 
created  the  rectifier. 
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S.A.Ul’anin  developed  an  original  reconnaissance 
camera  with  a sail  bopie  and  a device  with  a focal  length 
of  ICO  cm  and  print  size  of  2b  x 3f  cm.  In  order  to  determine 
the  elements  of  the  external  orientation,  in  the  device 
were  fixed  the  readings  of  a barometer  and  clinometer  and, 
with  the  help  of  an  additional  camera,  the  horizon  was 
photographed . 

In  terms  of  originality  and  generality  of  the  solution 
to  the  problems  of  terrestrial  cartography,  the  devices  of 
R. Yu. Tile  and  S.A.Ul’anin  surpassed  the  foreign  instruments 
of  that  time. 

The  rapid  growth  of  aerial  photography  was  facilitated  by 
the  development  of  aviation.  In  order  ! o photopraph  from 
an  aircraft,  the  requirements  of  the  aerial  cameras  were 
more  complex,  particularly  those  of  automatization  of 
operation.  TMs  problem  was  successfully  resolved  by  ■'  .T-R . Fotte  , 
who  in  1913  created  the  first  semiautomatic  aerial  camera 
for  plan  photographs  with  a sinple-disk  shutter.  With 
this  aerial  camera  were  made  numerous  aerial  photographs 
durinp  the  first  World  War,  mainly  for  reconnaissance 
purposes,  and  also  in  the  post-war  period  all  the  way  to  1930 
for  the  mapping  of  the  territory  of  the  U.S.S.R. 

In  the  years  of  the  first  World  War,  almost  all  larpe- 
scale  operations  were  carried  out  with  the  aid  of  aerial 
photographic  materials.  In  the  Russian  army  were  created 
photoprammetry  sections  and  an  Aerial  Phototopopraphic  fleet 
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(’  . I . freznevskiy , . .N.Potte,  ' . -’.Kaydenov  and  others). 

The  first  aerial  survey  from  an  aircraft  with  clearly 
defined  measurement  poals  was  carried  out  in  191^  durinp 
the  siepe  of  Peremyshl*.  on  the  basis  of  aerial  photographs 
in  Inarch  cf  1915  a plan  of  the  Lazur  Lakes  repion  was 
nrepared  with  the  location  of  enemy  positions.  After  this, 
plans  ^rom  aerial  photographs  were  do  e systematically  in 
corps  and  division  headquarters. 

In  order  to  direct  the  photoprammetric  units  of  the  army, 
an  Aerophotoprammetric  Department  was  set  up  in  Kiev 

where  an  officer's  aerophotoprammetr ic  school  was 
located  and  the  journal  "Izvestiya  po  aerofotoprammetrii  i 
tolkovaniyu  fotosrafii"  (Review  of  aeropvotoprammetry  and 
photopraph  interpretation)  was  published. 

The  theoretical  and  practical  studies  carried  out  in 
the  field  of  photoprammetry  up  to  1917  are  reviewed  in  the 
fundamental  three-volume  work  of  R.Yu.  Tile  " "ototopopraf iya 
v sovremennom  razvitii"  ( Photctopopraphy  in  contemporary 
development)  (1908,  1909).  and  also  in  the  book  by 
G.D.Shebu*?v  and  N .K  .Veselovskiy  "Geome  tricheskie  osnovaniya 
fotoprammetrii"  (Geometric  foundations  of  photoprammetry^ 
(1899)  and  in  the  monopraph  by  V . T.Knydenov  "Izmeritel ' nay? 
fotopra^iya"  (IVeasurinF  photopraphs)  (1922). 

Thus,  Russian  photoprammetry  up  to  1917  had  a number 
of  achievements  and  was  used  chiefly  for  the  solution  of 
military  problems.  The  creation  of  domestic  aerial 


cameras  and  photoframmetric  instruments  was  made  substantially 
difficult  due  to  the  weak  development  of  optical-mechanical 
industry  in  Tzarist  Russia. 

The  reconstruction  of  the  domestic  economy  in  our 
country  after  the  first  W Id  War  and  the  Civil  War,  and  als-o 
the  industrialization  and  the  collectivization  of  agriculture, 
made  necessary  a speed-up  of  the  mapping  of  the  territory. 
Within  a limited  period,  this  complex  problem  could  be 
solved  only  by  + he  method  of  photoprammetry . 

The  exceptionally  hiph  sipnificance  for  the  development 
o^  photoprammetry  was  due  to  the  decree  sipned  by  . I.Ienin 
and  published  Parch  23,  1919  concerninp  the  establishment 
o^  ysshefo  peodezicheskopo  Upravleniya  [now  the  Glavnoe 
upravlenie  peodezii  i kartoprafii  pri  Sovete  Ministrov  SSSR 
(GUGK)]  (Central  Administration  of  Geodesy  and  Cartopraphy 
attached  to  the  Soviet  of  ministers,  USSR).  Before  this 
administration  was  put  the  problem  of  territorial  mapping 
with  the  poal  of  lendinp  every  possible  assistance  to  the 
development  of  the  productive  forces  of  the  country.  With 
the  solution  of  this  problem,  aerial  phototopopraphy  and 
photoprammetry  are  recopnized  as  the  most  effective  methods 
or  studyinp  the  territory  for  revealinp  natural  resources. 

Three  periods  may  be  noted  in  the  development  of 
photoprammetry  in  the  Soviet  Union. 

The  first  period  (l9l?-1929)  is  characterized  by  the 
orpanization  of  photoframmetric  undertakinps  and  the  training 


L 


of  specialists,  and  also  by  the  development  of  a composite 
technique  of  aerial  photographic  survey,  and  by  the  first 
experimental  and  production  work  on  mapping  various  regions 
of  the  country  by  this  method. 

Up  to  1924  all  aerial  surveying  work  was  carried  out 
i only  by  the  Filitary-f opoyraphical  Service  of  the  Red  Army. 

In  191?  in  the  system  of  the  T ed  Filitary  Air  •’leet,  the 

I 

first  aerial  photographic  detachment  under  the  direction  of 
,C .Tsvet-Kolyadinskiy  and  an  aerial  survey-photoyrammetry 
school  were  oryanized.  L'.A.fol’skiy,  R . F . fokolov,  f . Faydenov  , 
K.'  .Chibisov,  N .? .Gerasimov  and  other  teachers  of  this  school 
( made  ’’jtrye  contributions  in  the  traininy  of  enyineeriny 

specialists.  A rroup  of  yraduates  of  this  school  later 
| turned  to  work  in  the  civilian  departments  and  played  a 

decisive  role  in  xhe  formation  ami  development  o^  aerial 
surveyiny  (b'.D.  hoyorriolov , F.K .Tsiyanov , I. N. Istomin  and  others). 
i In  the  aerophototopoyrapSiic  division,  maps  were  put 

toyether  and  corrected  accordiny  to  photoyraphic  sketch- 
assembled  from  separate  nontransformed  aerial  photoyraphs 
t However,  the  volume  of  aerial  survey  and  photof rammetric 

work  at  that  time  was  small,  and  plane-table  survey  remained 
the  basic  form  of  topoyraphic  survey  in  the  Kilitary-Topo- 
yraphical  Administration  duriny  the  Civil  War  and  for  several 
years  after  its.  end.  In  spite  of  this,  the  advantayes  of 
photoyramme Iric  survey  were  recoynized.  There  were  attempts 
' to  use  a universal  method  of  stereo; hotoyrammetric  survey 
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with  the  aid  of  the  stereoplanipraph . However,  this  method 
was  not  widely  developed  because  of  its  (mplexitv  and  the 
hifh  cost  of  the  device. 

In  192^,  under  the  direction  of  N .’".Aleksapol ' skiy , 
experimental  and  then  production  work  was  carried  out  on 
planime  iric-composite  aerial  photosurvey.  These  works 
clearly  showed  that  this  method  has  pr'at  advantapes  over 
plane-table  survey,  especially  when  mappinp  flat  and  hilly 
country  saturated  with  contours. 

In  1920  photoprammetry  bepan  to  be  taupht  as  an  independent 
discipline  in  the  peodetic  faculty  of  the  T'ezhevopo  Institute 
(Land-Purvey  Institute),  in  1921  in  the  peodetic  faculty  of 
oenno-Inzhenernoy  Academii  (^ilitary-Enpineerin,'  Academy)  , 
and  in  1923  in  the  Leninpradskom  Yoenno-Topopraf icheskom 
Uchilishche  (filitary-Topopraphical  Collepe) . At  the  same  time, 
scientific  investigations  were  carried  out  in  the  field  of 
photoprammetry  in  the  institutes  and  the  academies. 

After  the  end  of  the  Civil  War  the  volunteer  societies 
of  the  air  fleet  "Dobrolet"  (192*0  and  "Ukrvozdukhput * " were 
created.  They  bepan  carryinp  out  aerial  photosurvey  and 
phot  opr  amine  trie  work  for  the  needs  of  the  national  economy. 

Under  the  puidance  of  the  "Dobrolet" the  State 
Technical  Bureau  of  Aerial  khotosurvey  was  orpanized, 
headed  by  F".D.  Bench -Bruevich  and  an  aerial  photosurvey 
department  was  attached  to  the  "Ukrvo^sukhput * " . 

The  basic  form  of  work  in  1925-1930  was  planimetric  and 
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planimetric-composite  survey.  The  work  was  done  according 
to  requests  from  various  departments.  The  Bureau  of  Aero- 
survey,  in  addition  to  doinp  production  work,  also  carried 
out  scientific  investigations  in  order  to  improve  the  various 
processes  of  planimetric  aerial  survey.  In  order  to  transform 
aerial  photographs,  P.P.Fokolov  developed  an  original 
rectifier  and,  together  with  V .lr.  Aleksapol  ’ skiy , the  KG  I 
rectifier . 

In  the  "Ukrvozdukhput society  an  aerial  nhotosurvey 
venture  was  organized  which  prepared  photosketches  and  photo- 
mans in  accordance  with  the  order  of  the  administration  of 
the  organization  of  land  exploitation  and  the  planning 
departments  of  the  settlements.  In  addition,  aerial  photo- 
survey enterprise  was  created  in  Central  Asia,  carrying 
out  aerial  photosurvey  work  to  satisfy  the  needs  of  the 
Central  Asian  republics. 

^hus,  even  in  the  initial  period  of  the  development 
of  the  Coviet  rovernment,  aerial  photosurvey  was  widely 
used,  especially  in  the  land-  and  forest-exploitation. 

The  first  works  showed  preat  prospects  for  this  propressive 
method  for  mappinr  the  territory  of  our  vast  country. 

Durinp  this  same  time  the  training  of  specialists  was 
stepped  up.  In  1926  at  Moskovskom  Geodezicheskom  Institute 
(yilGAiK)  (Foscow  Geodetic  Institute)  training  in  the 
specialty  of  photoprammetry  was  initiated,  and  in  Lenin- 
pradskom  Institute  Grazhdanskopo  ozdushnopo  Flota  (Leninprad 
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Institute  of  the  Civilian  Air  fleet) , training  in  aerial 
photosurvey.  This  was  the  bepinninp  of  the  planned 
systematic  training  of  specialists  in  photoprammetry . fome- 
what  ]ater,  other  institutes  bepan  the  same  training  : 
Moskovskiy  Tnstitut  Zemleustroystva  (MIIZ)  (Moscow  Institute 
of  Land-Exploitation),  Novosibirskiy  Institut  Inzhenerov 
Geodezii,  Aerofotos ' emki  i Kartoprafii  (KIIGAiK)  (Novosibirsk 
Institute  of  Geodetic,  Aerial  Ihotosurvey  and  Cartoprapnic 
Enpineers) , I/vovskiy  Politekhnichesliy  Institut  (LPI) 

(L'vov  Polytechnic  Institute)  and  other  institutes,  and  also 
a number  of  topopraphical  technical  schools. 

Scientific  work  also  expanded.  In  1929  the  Tsentral’- 
nyy  Eauchno-Issledovatel ' skiy  Institut  Geocezii,  Aeros'emki 
i Partoprafii  (TsKIIGAiK)  (Central  Scientific  Research 
Institute  of  Geodetics,  Aerial  Survey,  and  Cartography) 
was  formed.  Here  systematic  scientific  research  bepan  of 
photoprammetry , directed  toward  methods  of  reducinp  the 
amount  o^  labor  involved  in  the  field  work. 

In  this  period  and  in  the  followinp  years,  scientific 
work  in  the  field  of  aerial  photosu’*vey  and  photoprammetry 
was  also  carried  out  in  the  departments  of  Institutes  : 
HIIGAiK,  rilZ,  the  V .Kuybyshev  IA , Moscow  State  University, 
LPI  and  others,  and  also  at  the  Aerotec.hniques  Laboratory  of 
the  AN  SSSR  (Academy  of  Sciences,  USSR)  and  in  i \ny 
departmental  orpanizations. 

Thus,  in  the  first  period,  was  laid  The  stronp  foundation 
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of  wide  development  of  Soviet  photoprammetry . The  composite 
method  of  aerial  photopraphic  survey,  developed  at  the  same 
time,  allowed  the  increase  in  the  quality  of  the  work  and 
the  growth  of  productivity  of  the  labor,  compared  with  the 
plane-table  survey  used  at  that  time  as  the  basic  type  of 
tr popraphical  survey.  For  mapping  of  separate  mountain 
and  hiph-mountain  repions,  terrestrial  rtereophotoprammetr ical 
survey  was  used . 

The  second  period  (1930-19^5)  is  distinguished  by  the 
use  of  the  composite  technique  for  mappinp  many  repions  of 
the  country,  ar.d  also  by  the  wide  application  of  a 
differentiated  technique  of  the  stereotopopraphic  survey, 
allowinp  a sipnificant  reduction  in  field  work  compared  with 
plane-table  suveys  and  with  the  composite  technique.  Aerial 
phototopoloqical  methods  have  become  basic  durinp  mappinp 
of  the  territory  of  the  entire  country  in  a scale  of  1 : 100,000 
and  in  separate  repions  in  scales  of  1; 50,000  and  1:25,000. 

The  multipurpose  method  developed  abroad  at  that  time 
for  makinp  maps  of  larpe  scale  could  not  be  used  in  the  USPR 
because  of  the  complexity,  costliness,  and  relatively  low 
productivity  of  the  instruments.  Neither  could  another 
foreipn  technique  for  fine-scale  mappinp  based  on  the  use  of 
perspective  photopraphs  obtained  by  multilens  aerial  cameras, 
be  used,  since  it  did  not  allow  the  required  precision  of 
relief  imape.  Therefore,  Soviet  photoprammetry , resolvinp 
the  immense  problem  of  creatinp  topopraphical  maps  of  1:100,000 


scale,  followed  the  path  of  the  development  of  the  new 
techniques . 

In  1930  F.V .Drobyshev  organized  a laboratory  in  which 
original  photogrammetric  instruments  were  worked  on. 

In  the  beginning  of  1930,  G.F.Gapochko,  T.Ya. Gerasimov 
and  others  suggested  the  ’.'TO  technique.  It  differs  from 
the  composite  technique  in  the  following  way:  Contour  lines 

on  the  photographs  are  made  by  stereoscope  according  to  the 
stake  points  collected  in  the  field  or  obtained  by  simplified 
methods  of  photogrammetric  concentration  of  elevation  within 
the  limits  of  each  stereogram.  From  the  photographs  the 
contours  and  the  horizontals  are  placed  onto  a plot  with  the 
aid  of  a pantograph  or  an  optical  transformer. 

To  reduce  further  the  field  work,  F ... Drobyshev , 

IF. D. Konshin,  G ,V  .Romano vskiy,  and  G.P. Zhukov  proposed  and 
worked  out  in  detail  an  original  differentiated  method  of 
making  maps  according  to  aerial  photographs.  The  technique 
is  based  on  the  u4e  of  a stereometer  which  has  correction 
mechanisms  for  transformation  of  differences  of  longitudinal 
parallaxes,  allowing  one  to  construct  horizontals  on  the 
plane-table  photographs  in  the  presence  of  only  4-6  altitude 
points  per  stereogram.  The  contours  and  horizontals  were 
transferred  from  the  photographs  onto  the  plot  with  the  aid 
of  an  optical  projector.  In  surveys  of  flat  or  hilly  regions 
with  a large  number  of  contours,  photomaps  are  made  onto 
which  the  horizontals  are  transferred. 
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At  the  same  time  various  techniques  of  photogrammetric 
condensation  of  th<^  geodetic  base  were  being  created  : 
Phototriangulation,  with  the  use  of  general  purpose  stereo- 
theodolite (A . S . Fkiridov) , graphical  radial  phototriangulaticn 

A leksapol’skiy,  F.’  .Drobyshev,  G.P. Zhukov,  V . F.Deyneko) , 
differentiated  method  of  stereo  phototriangulation  (G.P. 
Zhukov),  straight  line  method  (G ." .Romanovskiy ) , technique 
of  undestorted  model  (F\D. Konshin,  C . V .Romanovskiy ) . 

?or  practical  applications  of  these  techniques  wide- 
angle  and  ultra  wide-angle  aerial  survey  lenses  (K.K.Rusinov) , 
topographical  aerial  cameras  (S.P.Shokin,  G.G. Gordon), 
stereometers  ( F ,V . Drobyshev) , multiplexes  (K .V .Viktorov, 
JV.W.Rusinov  and  others)  have  been  developed  and  serially 
manufactured . 

In  order  to  increase  the  precision  of  the  photogrammetric 
condensation  of  the  skeleton  in  triangular  point,  various 
devices,  set-ups  and  systems  have  been  made  and  used  for 
determination  of  the  elements  of  the  external  orientation  of 
the  photographs  in  flight  : altimeter,  radar  altimeter, 

gyrostabilization  set-ups,  the  radiogeodetic  systems  of 
TsNIIGAiK  and  "Rym" . 

The  Soviet  differentiated  method  is  considerably 
superior  to  the  American  differentiation  method  of  Brock, 
since  the  former  does  not  require  high-precision  rectification 
of  the  photographs  for  the  survey  of  reliefs  and  contours. 

?.V .Drobyshev  was  awarded  the  State  Prise  for  creation  of 
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the  stereometer.  The  works  of  M.M.Rusinov,  IV. D. Konshin, 

G , .Romanovskiy , N .P. Kozhevnikov , N.P.  Viktorov,  D.I.Aronov, 

A .TV.Shakhverdov  , K. A. Sokolova  and  L. A .Lukashevich  were  also 
recognized  by  Rtate  Prizes  in  the  field  of  the  creation  of 
new  aerial  survey  lenses,  ultra  wide-angle  multiplexes  and 
a method  of  aerial  radar  levelling. 

The  differentiation  method  has  allowed  in  an  extremely 
limited  period  mapping  on  a scale  of  1:100,000  of  a large 
territory  and  creation  of  high-quality  topographical  maps 
which  are  used  in  the  development  of  the  domestic  economy 
and  ensuring  the  defense  of  the  country. 

During  the  Great  Patriotic  War  with  the  aid  of  aerial 
photographs  enemy  fortifications,  their  battle  formations 
and  armaments  were  showed  up,  were  made  and  updated  the 
topographical  maps  and  plans  of  cities,  various  photodocuments 
- photographic  sketches,  photomaps,  transformed  photographs 
with  reference  grids,  etc.  were  created.  In  the  artillery, 
target  and  reference  coordinents  were  determined  according 
to  aerial  photographs  by  the  method  of  graphical  photo- 
tr ianpulation  with  the  use  of  scales  for  laying  out  initial 
directions  and  also  according  to  terrestrial  photographs 
with  the  aid  of  a photo  range  finder  (P. A .Mel'nikov, 

A. N. Lobanov,  V .IT. Kazakov) . 

In  the  second  period  terrestrial  stereophotogramme trie 
survey  also  underwent  further  development  in  connection 
with  mapping  of  mountainous  and  alpine  regions,  for  making 
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maps  according  to  terrestrial  photographs,  'W.Drobyshev 
made  a stereoautograph  more  compact  than  the  corresponding 
instrument  made  by  Zeiss.  The  "Aerogeopribor"  factory  put 
our  a series  of  Soviet  stereoautographs,  and  the  factory 
"Geodeziya",  a series  of  jjhototheodolites  P.N.Papasov 
suppested  a method  of  combination  of  photoprammetric  survey 
with  aerial  photosurvey,  allowing  a reduction  of  the  time 
r.eccessary  to  create  maps,  compared  with  the  usual  terrestrial 
stereoohotogrammetric  surveys.  This  method  has  been 
successfully  used  for  mapping  the  Tien  Shan  region.  As  a 
result  of  this  work,  maps  have  been  obtained  of  inaccessible 
areas  and  opened  the  highest  mountain  summit  - Pobeda  Peak 
(7439.3  m) . ’or  this  scientific  achievement,  the  scientific 
Council  of  che  Ceorraphical  fociety  of  the  I'SSF.  awarded  a 
group  of  topographers , headed  by  P.N.P.apasov, the  P.P. Semenov 
Gold  Medal.  The  maps  of  the  Tien  Shan  region  are  recognized 
as  a remarkable  work  of  Soviet  cartography.  The  authors 
of  these  maps,  a group  of  military  topograph' rs  working 
under  the  direction  of  A.P.Makovkin  and  A . I .Kozlovskiy , 
were  awarded  the  State  Prize. 

During  the  Great  Patriotic  War,  theoretical  studies 
also  continued  in  the  field  of  photogrammetry , determining 
the  path  od  its  further  development.  To  this  period  belongs 
the  work  of  N.G.Kell,  P.A.Urmaev  and  others. 

The  third  period  in  the  development  of  Soviet  p hoto- 
grammetry  (from  1946  to  the  present)  is  intimately  connected 
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with  the  post-war  reconstruction  and  development  of  the 
national  economy.  This  period  is  characterized  by  the 
further  development  of  the  theory  of  photoprammetry  and  the 
development  cf  new  methods  based  on  the  latest  achievements 
in  physics,  electronics,  mechanics  and  contemporary 
computing  technology  to  increase  the  precision  and  speed  of 
phototopopraphic  work. 

After  the  completion  of  mapping  the  territory  of  the 
country  on  a scale  of  1:100,000  and  after  the  transition  to 
surveys  scales  of  1:25,000  and  1:10,000,  there  arose  the 
necessity  of  the  development  and  wide  application  of  new 
multipurpose  stereoinstruments. 

The  solution  to  this  by  no  means  unimportant  problem 
was  favored  to  a significant  degree  by  the  studies  of 
M.D. Konshin,  who  demonstrated  the  possibility  of  stereo- 
phot ogramme trie  processing  of  photographs  with  transformed 
aiding  levels.  These  investigations  were  continued  by 
A.N.Iobanov,  C. I. Zhukov,  and  .Ya.Finkovskiy  in  the  monograph 
"Teoriya  transformirovaniya  pary  snimkov"  (The  Theory  o^ 
transformation  of  photograph  pairs),  "Vvedenie  v teoriyu 
fotoprammetricheskoy  modeli  mestnosti"  (Introduction  to  the 
theory  of  photoprammetr ical  terrain  models)  and  "Teoriya 
kollinearnoy  peometricheskoy  modeli  mestnosti"  (Theory  of 
collinear  peometric  terrain  models). 

As  a result  of  detailed  studies  and  desipn  work  in  the 
USSF  for  the  first  time  were  created  stereophotoprammetric 
instruments  of  transformed  aiminp  levels  - the  stereograph 


V.  .Drobyshev  and  the  stereoprojector  of  G.'  .Fomanovskiy 
The  photograph?  in  these  instruments  always  occupy  the 
horizontal  position;  because  of  this,  the  installation  of 
the  observation  system  is  significantly  simplified  in 
comparison  with  the  penerai  purpose  instruments  developed 
abnr-.d,  The  effect  of  the  anples  of  inclination  of  the 
photoptanhs  in  the  stereopraph  and  stereoprojector  are 
controlled  by  correction  mechanisms.  Here  the  stereopraph 
is  the  most  compact  of  all  known  hiph-precision  peneral-purpose 
stereo  instruments,  since  in  it  the  photopraph  and  the  model 
are  placed  under  ..enters  of  rotation  of  three-dimensional 
levers.  The  transformation  of  aiminp  levels  in  the  stereo- 
praoh  and  stereoprojector  makes  it  possible  to  process 
photopranh?  with  any  ^ocal  lenpth.  The  cost  of  these  devices 
i~  several  times  less  than  the  correspondinp  instruments  developed 
in  the  capitalist  countries. 

At  the  present  time,  topopraphical-peodetic  enterprises 
in  this  country  are  equipped  with  FD-3  stereopraphs  and  with 
stereoprojectors.  On  them  are  carried  out  a larpe  amount 
of  work  on  the  creation  of  topopraphical  maps  of  various 
repions  accordinp  to  photopraphs  with  focal  lenpths  of  55*70, 
100,1^0,  and  200  mm. 

’’or  investipation  of  peneral-purpose  stereodevices, 
G.A.Oshurkov  suppested  model  photopraphs,  allowinp  one  to 
estimate  tne  precision  of  these  devices  more  strictly  than 
by  use  of  control  prids. 
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Simultaneously  with  the  creation  of  peneral-purpose 
stereodevices,  methods  were  beinp  rapidly  developed  of 
tv-ree-dimensional  phototr ianpul atior  v.’ith  transformed  aimirp 
levels  on  stereoplanipraph  and  multiplex  (A. N. Lobanov, 

G.P. Zhukov,  K P. Lavrov  and  ithers).  These  techniques 
widened  the  ranpe  of  application  of  stereodevices  based  on 
the  reconstruction  of  aiminp  levels  existing  curirp  photo- 
rranhinp  of  the  site.  At  the  present  time  in  rhotoprammetry 
a new  direction  is  beinp  developed,  namely  the  creation  of 
orthonhotomaps  and  orthophotomaps  with  horizontals.  'or  the 
solution  o*  this  problem,  E . I .Falantanov  and  G.P. Zhukov 
rronosed  and  developed  a slit-rectifier  conS'Stinp  of  a 
triple-projector  multiplex  and  a sinple  projector.  After 
that  experimental  models  were  manufactired  of  the  photo- 
stereopraph  of  ?.  . Drobvshev  and  the  stereophotoprojector  of 
G.'  .Pomanovskiy . The  experimental  work  carried  out  at  the 
TsMIGAiK  on  the  photostereopraph  has  demonstrated  all  of 
the  features  of  slit  pro jecticn ,hiph  precision  of  this  method 
and  the  expediency  of  i:,s  development. 

Other  types  of  devices  for  orthophototrar.sformation 
have  been  developed  at  LI IGA iK . Cf  these  let  us  mention  • 
a camera  attachment  o the  PD-3  stereopraph  and  the  ortho- 
nhotoppo jector  or  P.V .Drobyshev  - the  OPID.  The  experimental 
work  carried  out  or.  the  PL- 3 with  attachment  has  shown  the 
pood  -productivity  and  precision,  o^  the  method. 

In  the  experimental  stape,  there  is.  a method  of  creatinp 
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ortv orhotomaus  based  on  tracinp  of  horizontals  on  a L’L-3 
stereograph  with  simultaneous  fixation  of  a profiling 
propram  for  subseaucnt  orthoprofilinp. 

In  the  rectifier  of  the  TsKIIGAiX,  the  prof  .11  inf  propram 
is  written  analytically  in  the  form  of  3 coordinates  of 
each  op  a number  o^  points  of  the  model;  the  profiling  itselr 
is  done  automatically. 

In  the  or thophototrans^ormer  OFTD  o^  F.  .Drobvshev 
(’"’IIOAiK)  t^e  program  is  also  created  simultaneously  with 
the  tracing  or  the  horizontals,  but  in  the  form  of  praphical 
point  profiles  The  orthoprofilinp  is  done  visually  by  hard 
accordinp  to  a point  propram  on  the  0 'T D . Experimental  work 
done  under  the  auspices  or  the  CUGK  has  shown  sufficiently 
hisV>  precision  and  e^iciency  and  also  other  merits  of  this 
method,  demonstratinp  the  necessity  of  its,  introduction 
into  production. 

In  1970  V,  . Drobyshev  was  awarded  the  l enin  Irize  for 
the  creation  o^  hiph-precision  peneral-purpose  stereodevices. 

With  a poal  o^  substantially  shorteninp  the  peodetic 
sield  v,orV  connected  with  aerial  photographs  and  of  increasinp 
the  precision  o^  photoprammetric  condensation  of  the  skeleton 
In  tr ianrulation  point,  in  1956  A.N.Iobanov  proposed,  and 
topether  with,  a proup  op  scientific  collaborators  and 
■production  workers,  developed  an  analytical  technique  of 
three-dimensional  phototr ianpulation  usinp  computors  and  hiph- 
precision  measurinp  device  - the  stereocomparator. 


/ 
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At  the  present  time  this  method  is  the  basic  and  most 
efficient  technique  *or  condensing  the  skeleton  in  trianpulatior 
noint  according  to  aerial  photographs 

The  development  and  introduction  into  production  of  the 
analytical  technique  of  phototr ianpulation  was  to  a 
significant  decree  made  possible  by  the  theoretical  work  of 
N . A . Urmaev , especially  his  monograph  "Elementy  fotopramme tr ii” 
(Elements  of  photoprammetry) , and  the  studies  in  the  field 
of  the  theory  and  practice  of  analytical  processinp  of  aerial 
photographs  ( I . D .Karpopolov , M.M.Mashimov , ?.?. Lysenko, 

V .A . Polyakova , .Ya.^inkovskiv,  F .P. Ovsyannikov,  ' . B.Dubinovskiy , 
.A.Eulushev,  ' .Pororelov,  ‘ .K. Belykh,  I. T. Antipov, 

G.N. Efimov,  and  others). 

'•"any  production  enpineers  contributed  a preat  deal  of 
work  in  the  detailed  development  of  the  technolopy  of  this 
method.  Automatic  precision  stereocomparators  were 

developed  ('  . D.Cerviz,  E . I .Kolantarov  , E , , Filimonov  , and 
others) . 

The  first  theoretical  and  experimental-production  works 
done  by  the  analytical  technique  of  phototr ianpulation  in 
the  ETs.T  "Ural-1"  and  "rtrela"  are  reviewed  in  the  monopraph 
of  A. N. Lobanov  " '’ototrianpulyatsiya  s primeneniem  elektronnoy 
vychislitel ’ noy  mashinv"  (Phototrianrulation  with  the  aid  of 
computors)  (19^0). 

At  the  present  time  two  types  of  analytical  routine 
rhototr ianpulation  are  in  widespread  use.  The  first  type  is 


barer!  on  the  sequential  construction  of  partially  dependent 
models.  The  elements  of  the  mutual  orientation  o p the  photo- 
prpphs  are  determined  according  to  the  results  of  the 
measurement  o^  a first  stereorram  from  which  systematic  errors 
are  eliminated.  Then,  the  elements  of  external  orientation 
of  the  first  photerraph  and  the  first  basis  o"  photopraphy 
are  arbitrary  selected,  and  the  elements  of  external 
orientation  of  the  second  photograph,  and  also  the  coordinates 
of  the  points  of  the  first  model,  are  calculated.  A second 
model  is  constructed  aralorously , but  as  the  elements  of 
external  orientation  of  the  second  photoprapb  the  values 
obtained  as  a result  o**  the  creation  o**  the  rirst  model  are 
used  instead  of  arbitrary  ones.  be  second  model  is  broupht 
to  scale  o^  the  first  one  accordinp  ',o  the  aiminp  levels. 

"uch  constructions  are  carried  out  ur  to  the  end  o^  the  scale. 
As  a result,  a ^ree  network  is  obtained  which  is  oriented 
relative  to  the  peodetic  system  of  coordinates  accordinp  to 
reference  points.  Ir.  this  process,  +>e  ir.rluerce  of  residual 
systematic  errors  is  eliminated. 

rhe  second  type  of  routine  phototr  ianpulation  is  based- 
on  the  construction  of  independent,  individual  models.  Ir. 
order  to  do  that,  only  the  elements  of  mutual  orientation 
op  the  photopraohs  are  found ; the  elements  of  external 
orier.tatior  are  not  reouired.  rhe  independent  models  are 
.ioine^  accordinp  to  the  aiminp  points  in  the  ^ree  network, 
which  is  oriented  externally  as  in  the  first  method. 
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Experimental  and  production  work  ha?  demonstrated  that 
with  respect  to  precision  and  productivity,  these  methods 
o^  routinr  phototrianrulation  may  be  considered  equal. 

Fore  efficient  than  routing  phototrianrulation  is  block 
Phototrianrulation.  In  the  USSR  strict  versions  of  block 
phototrianrulation  have  been  developed,  based  on  the 
simultaneous  construction  and  adjustment  of  the  results  of 
measurement  of  all  photorraphs  of  the  aerial  survey  routes, 
included  in  the  block.  The  difficulty  in  the  application 
of  these  versions  is  the  necessity  of  solvinr  normal 
eauations  op  an  extremely  hirh  order.  To  overcome  this 
d i i -Mltv  an  iterative  method  is  used  with  the  sequential 
insertion  of  unknowns  (r.F .Fashimov)  and  methods  of  partial 
exclusion  o^  unknowns  ( •'./'.Lysenko).  In  addition,  a method 
or  quasi-rhotorraphs  is  beinp  investirated , allowmp  one  to 
reneralize  the  initial  information  by  construction  of  a 
reneral  block  network  (A .N .Lobanov) . A quasi-photorraph 
represents  a riven,  for  example,  central  projection  of  the 
model  of  the  terrain  , created  according  to  a few  or  many 
stereornams.  By  replacinr  the  usual  photorraphs  by  ouasi- 
photorraphs,  the  order  of  the  normal  equations  may  be 
sirnif icantly  reduced.  A method  of  equivalent  transformation 
o^  adjustment  equations  is  also  beinr  tested  ( I . I . 'inarevskiy ) . 

In  the  strict  versions  of  block  phototrianrulation, 
a nhotorraph  or  quasi-photorraph  serves  as  the  elementary 
component.  In  the  approximate  version,  this  role  is  played 
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by  an  independent  model,  a proup  of  models  or  a v‘outinp 
network.  In  addition,  in  the  approximate  versions  it  is  not 
directly  measured  values,  but  their  functions  which  are 
adjusted . 

Of  the  various  versions  of  block  phototrianpulation , 
the  approximate  ones  are  mainly  used  in  production.  However, 
the  more  widespread  application  of  the  strict  versions,  as  the 
more  perspective  ones,  is  apparent. 

In  order  to  increase  the  precision  of  determination  of 
the  pround  point  coordinates,  in  analytical  phototrianpulation 
elements  of  external  orientaion  or  the  photographs  are  used 
which  are  fixed  in  flipht. 

Soviet  photoprammetry  has  developed  at  a rapid  pace  and 
in  various  directions.  Aerial  survey  optics  have  underpone 
further  improvement,  objective  methods  of  estimation  of 
imare  quality  have  been  created,  color  photomaterials  have 
been  employed  which  extend  the  possibilities  of  office 
internretation  o^  aerial  ohotopraphs,  the  nrecision  of 
airborne  instruments  for  determination  of  the  elements  of 
external  orientation  of  the  aerial  photoprapbs  has  been 
increased,  many  organizations  have  successfully  applied  and 
developed  digital  . methods  of  photo  processinp,  work  is 
continuinp  on  automatization  of  stereophotop rammetric 
measurements  which  have  been  started  by  professor  A.S.Skirdov 
in  1924,  electronic  phototran;  ’ormer  is  beinp  created 
(r.P.Bordyukov,  . . I . Smirnov , I,G  Zhurkin) , there  have  been 


y 


24  - 


proposed  and  worked  out  an  analytical  phototransformer  and 
analytical  photocartopraph  (A, N .Lobanov,  I ,G .Zhurkin)  , 
a device  for  processing  of  photopraphs  with  random  centers 
of  projection  (L.N .'  asil ’ ev) , and  also  an  instrument  for  the 
planar  solution  of  stereophotoprammetric  problems  (Ya.I.Cebpard) . 

The  base  for  photoprammetric  instrument  construction 
has  been  considerably  extended  in  order  to  develop  the  new 
technique  and  introduce  it  into  production. 

Terrestrial  stereophotoprammetr ical  survey  is  used  for 
makinp  plans  of  only  relatively  small  areas,  when  aerial 
survey  is  unprofitable.  The  methods  of  terrestrial  photo- 
prammetry  are  widely  used  for  the  solution  of  many  nontopopraphi- 
cal  problems,  for  example,  for  survey  of  architectural 
monuments,  for  determination  of  deformations  of  enpineerinp 
structures,  for  determination  of  the  parameters  of  +he  eye 
for  prerarinp  contact  lenses,  etc.  Institut  Prikladnoy 
Ceodezii  (Institute  of  Applied  Geodesy),  established  not 
lonp  apo  in  Novosibirsk,  is  also  involved  in  the  solution  of 
these  problems. 

for  the  traininp  of  enpineerinp  specialists  in  photo- 
prammetry,  a number  of  text  books  and  traininp  materials 
have  been  created  and  are  in  wide  use  (N.H.Aleksapol'skiy, 

N. A. Blokhin,  A . f . Nkiridov , t,\  .Drobyshev,  N ,N.\ eselovskiy , 

M. D.  Konshin,  A.  N.  Lobanov,  N.Ya.  Bobir,  \ . 1 ..jeyneko , G . A . Oshurkov , 

N . P.Fikhaylov , and  others). 

New  unlimited  perspectives  have  been  opened  to  photo- 
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frammetry  with  the  use  of  spacecraft  for  study  of  the  earth, 
moon  and  other  celestial  bodies.  Soviet  science  made  the 
first  photographs  of  the  back  side  of  the  moon  and  obtained 
panoramic  photographs  of  the  lunar  surface.  These  photo- 
graphs, and  also  cosmic  photorraphs  of  the  earth,  enus, 
and  Tars,  are  used  for  the  solution  of  various  scientific  and 
practical  problems. 

The  achievements  of  Soviet  photoyrammetry  in  the  50  years 
of  the  creation  of  the  Soviet  Union  are  the  result  of  the 
successful  development  of  ou:'  socialist  government  on  the 
path  of  building  a communist  society. 
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